In 26 normal volunteers, increase in heart rate from mean 73-94±1t97 to 103-61±2-72Imin, by either intravenous atropine administration or rapid right atrial pacing, produced definite changes in the uncorrected systolic time intervals. As expected, total electromechanical systole (QS2) and left ventricular eection time (LVET) were shortened, while the pre-ejection period (PEP) was unaffected. There was a consistent and sigmficant increase of the PEP/LVET ratio (P<0-001). It is postulated that when this ratio is taken to express left ventricular contractility, it should probably be corrected for heart rate. Appropriate regression equations for such a correction were calculated (PEPILVET=0249+0-0168 HR).
calculated, as proposed by Weissler et al. (1968, or a total dose of 1-5 mg was reached. The systolic 1969). The PEP was estimated by subtracting the time intervals were measured at the highest rate LVET from the QS2. All measurements were per-achieved. In 2 subjects, in whom rapid right atrial formed between 8-00 and 9 00 a.m. at the fasting pacing was performed, they were measured at basal state and supine position. heart rate levels and at 111 1 and 109 0 beats/min, Paper speed was 100 mm/s. Ten to fifteen con-2 minutes after these heart rates had been reached secutive heart beats were measured to the closest (Table) . 5 ms and averaged. Care was taken to start and Before and after the production of tachycardia, finish measuring at the same respiratory phase, as the QS2 index (QS2 I), PEP index (PEP,), and estimated by direct observation of the patient and LVET index (LVETi) were calculated according to manual marking of the inspiration phase on the the regression equations of Weissler et al. chart paper. The arterial blood pressure was (1969) measured by a cuff sphygmomanometer im-Males: mediately after recording the systolic time intervals.
QS2I=QS2+2 1 heart rate
The nature and purpose of this study was exLVETi= LVET+ 1-7 heart rate plained to all participants and informed consent PEPi=PEP+0*4 heart rate was obtained.
Females: After the initial basal study, atropine was given QS2I=QS2+2'0 heart rate intravenously in 0 5 mg increments every 3 minutes LVETi= LVET+ 1'6 heart rate to 24 subjects, until a heart rate around 1 10/min PEPi=PEP+0-4 heart rate The PEP/LVET ratio increased consistently and significantly ( PEP/LVET ratio (P<O OO1, Table) .
6-9 +0-015 -0-099 + 4-98 -3-13 8.11
The PEP/LVET or the PEPi/LVET, ratio in the 46-6 +0-070 +0-012 +17-32 + 3-38 13-93 26 subjects were not related to heart rate at rest were correlated to heart rate either before the weaker but still quite satisfactory correlation has production of tachycardia (26 correlations), or after also been found with the stroke volume (Weissler its production (26 correlations). Moreover, these et al., 1968 Moreover, these et al., , 1969 Ahmed et al., 1972) . ratios were correlated with heart rate both at rest The stroke volume is affected considerably by and at tachycardia (52 correlations), by the re-tachycardia (Weissler, Peeler, and Roehll, 1961;  gression analysis test. Benchimol and Liggett, 1966) . It is probable that the PEP is prevented from Results lengthening during the tachycardia-induced decrease in stroke volume by a compensatory shortenUnder basal conditions the systolic time interval ing through the increased contractility associated values in our subjects were within the accepted with tachycardia (Vatner and Braunwald, 1974; normal range (Table) . With increase of the basal Schwarz, Thormann, and Winkler, 1975; Roy, heart rate from 73-94±1-97 to 103.61±2-72/min, Sowton, and DiLuzio, 1975). there was a consistent shortening of the QS2 and
The ejection fraction does not significantly LVET, while the PEP did not appreciably change. change with tachycardia in dogs (Bristow et (Krayenbuehl et al., 1975) . dP/dt than the corrected LVET, PEP, or EICT There is agreement among the various authors alone (Garrard, Weissler, and Dodge, 1970 ; Aronow about the profound effects of heart rate changes on et al., 1971; McConahay et al., 1972) . If this ratio the LVET. When rate corrected, this interval cor-is used as an expression of stroke volume, then it relates well with the stroke volume and ejection should probably not be rate-corrected. However, if fraction, but less well with the dP/dt (McConahay it is taken as an index of cardiac contractility, or the et al., 1972) . ejection fraction, it should be rate-corrected, especThe uncorrected PEP/LVET (and its reverse ially when serial measurements are carried out in the analogue, the LVET/EICT) ratio has been found same individual after pharmacological or physioto correlate better with the ejection fraction and logical interventions. (1974) have recently found with normal cardiac function, under basal condithat in normal children there is no correlation be-tions. Thus, these equations may not be appropriate tween the PEP/LVET and heart rate found under for correcting the STI in serially studied indivibasal conditions. Our data are in complete accord duals. On the other hand, Layton et al. (1973) and with this finding. Probably, PEP/LVET values differ Lindquist, Spangler, and Blount (1973) used reso much among individual patients, that the influ-gression equations based on serial measurements. ence of heart rate does not become apparent when an
In most of our subjects tachycardia was produced individual is studied at random. Thus, in Fig. 2 it by atropine. This drug has been widely used to this can be seen that the ratio PEP/LVET would be purpose by Weissler's group (Harris et al., 1967) , 0 410 at a heart rate of 70/min, and 0-380 at a heart who consider it free ofanyinotropic action. Similarly, rate of 1 10/min and still lie within the confidence Kosowsky et al. (1966) found no differences in the limits, since there is a large scatter of values. How-haemodynamic measurements between atropine and ever, when large groups of subjects are compared, right atrial pacing-induced tachycardia. or when the inotropic action of various intervenWe have no haemodynamic or angiographic tions which also significantly affect heart rate is studies to support our findings. However, such assessed in groups or individuals, or when single studies have been carried out in detail by others, as patients are studied serially, then rate correction already discussed, and there is no reason why these should probably be carried out. data should not apply for the individuals presented We do not know whether the regression equations in our report. It is self-evident that these conthat we propose are realistic enough. Probably clusions are valid as long as tachycardia does not individual correction for each subject would have produce ischaemia, which would alter both the been preferable, but our recordings of STI at inter-haemodynamic parameters and the systolic time mediate heart rates during atropine infusion were interval values. too few to allow such a calculation.
We noticed that if we corrected the PEP/LVET References ratio for the observed heart rate changes by simply substituting for it the PEPa/LVETc ratio, ac-Ahmed, S. S., Levinson, G. E., Schartz, C. J., and Ettinger, substituting for it the PEP i/LVET i ratio, a-.P. correction may stll erroneously underestimate conat rest and after exercise in coronary heart disease. tractility.
